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Description 

CLOSED LOOP EMBEDDED AUDIO 
TRANSMISSION LINE TECHNOLOGY FOR 
LOUDSPEAKER ENCLOSURES AND 
SYSTEMS[lnsert title of invention] 

Background of Invention 

[0001] Loudspeakers are a part of everyday life and used for con- 
sumer, commercial, military and research applications. 
The typical loudspeaker is an electro-dynamic transducer 
and has a diaphragm of some depth and diameter or 
shape. Electro-dynamic describes a transducer that moves 
in a positive and negative direction in response to a alter- 
nating voltage source to stimulate adjacent air molecules. 
At this point in time loudspeakers of this type are consid- 
ered a commodity and are cheap and plentiful in supply. 
They are typically always mounted on a baffle as part of 
an existing product or structure; in some form of housing 
for practical containment or in some cases a form of spe- 



cialized enclosure is utilized to enhance the bass perfor- 
mance. There are other types of electro-mechanical trans- 
ducers in use generally exotic but most of which will ben- 
efit from the use of the Embedded Transmission Line 
Technology. 

[0002] one of the greatest problems is the inherent nature of the 
driver to favor an acoustic impedance over a narrow range 
of frequencies relative to its' size. The smaller driver gen- 
erally has unfavorable acoustical impedance for lower fre- 
quencies and vise versa for larger ones. The enclosure 
also favors a narrow range of frequencies and for others it 
reacts violently creating a plethora of incoherent internal 
standing waves that modulate the diaphragm with non- 
symmetrical vibration patterns. These random internal 
modulations disturb the natural dispersion pattern of the 
driver and cause electrical feedback (reactance) to the am- 
plifying source. Brute force power and heavy gauge wiring 
are current attempts to minimize this problem for the am- 
plifier and the effects on sound quality. Another problem 
is the general acoustic impedance differential that exists 
on either side of the driver diaphragm. The diaphragm 
must work simultaneously in two different acoustic envi- 
ronments as the enclosure creates standing waves that 



constantly modify the drivers' acoustic impedance in most 
of its' frequency range. Reflected waves from the room 
cause additional modifications of the drivers' acoustic 
impedance more as the frequencies go lower towards that 
of the rooms' dimensions. Smaller enclosures are much 
worse because of the even higher frequencies that are re- 
flected internally and the lack of low frequency capabili- 
ties. Two identical drivers will sound different due to their 
operating enclosure only. The industry has recognized the 
problem as one associated more with the mid-range 
speaker and has produced units with a solid basket be- 
hind the diaphragm. This may prevent random standing 
waves from the other drivers but it creates extreme back- 
pressure for the range of frequencies produced by the 
midrange driver. This causes the driver to see a distinct 
acoustic impedance differential for all of its' operating 
range and not produce a natural sound. 
[0003] ]Loudspeaker driver dimensions favor a certain range of 
frequencies thus making a single size for all frequencies 
an impossible task if wide axis listening is desired. It is a 
design goal to produce loudspeakers of the smallest di- 
mensions necessary and maintain the proper loudness 
level while retaining the sonic presentation of full fre- 



quency range, low distortion, wide-constant dispersion 
and low cost. If one were to examine the situation it would 
appear to be a paradox requiring a compromise solution 
and the use of multiple drivers operating for a common 
acoustic purpose. This is reflected in the current loud- 
speaker design with theory compromised by art in an ef- 
fort to produce subjectively accepted loudspeakers when 
the goal should be objectivity. 

[0004] The requirement to use a single driver places a compro- 
mise solution favoring the lower or higher end frequencies 
while attempting to maintain quality in the middle ranges. 
The human ear tends to more sensitive to the higher fre- 
quencies but the human ear-brain combination prefers to 
hear all of the frequencies in the spectrum without phase 
or frequency aberrations to interrupt the flow of energy of 
the event otherwise it will appear to be artificial. The re- 
production of sound is typically for either of two purposes 
and that is communication and entertainment. The latter 
requires unencumbered sonic balance and dispersion to 
balance the energy in the listening environment. 

[0005] The continued efforts to perfect sound reproduction with 
predictable field results depend greatly on a solution to 
solve the dilemma of the enclosure. Engineers recognize 



the drivers' enclosure as a necessary evil or an opportu- 
nity to profit from the furniture created however the use 
of the enclosure as explained in the pending application 
provides a positive operating environment exposing the 
true quality of the driver. The result is elimination of the 
idiosyncratic behavior, objective sonic acceptance, simpli- 
fied loudspeaker design and predictable results for vary- 
ing acoustic situations. 
Summary of Invention 

[0006] This application relates to the reproduction of the full 

range of audio frequencies using a specific technique that 
allows for the delay of sound waves in a very short dis- 
tance within a defined space to create beneficial standing 
waves over a wide frequency range. Its relation to an ear- 
lier application is that of a radial expansive transmission 
line created when a sound wave traverses a path of a dif- 
ferent dynamic acoustic density. The pending application 
was directed to sub-bass frequencies and included direct 
radiation of upper bass frequencies but suggested an 
open line. There was no suggestion for use with full range 
speakers. It has been determined that an open line al- 
though somewhat beneficial would only allow for limited 
and ambiguous sound output. Although the earlier appli- 



cation defined the transmission line as radial the invention 
described within introduces the embedded line whose 
function is consistent with a shorted termination trans- 
mission line radial or otherwise and not required to be 
symmetrical in its' relation to the driver to perform its' 
function. Radial implementation of this device defines 
symmetry and is considered the most logical path if pos- 
sible. This type of line is defined as a Closed Loop Em- 
bedded Acoustic Transmission Line (EATL) and does not 
provide an exit path into the ambient for the wave. Dy- 
namically the internal enclosure volume varies due to the 
EATL construction acting with a constant pressure relative 
to frequency. 

[0007] Normally a transmission line is used to carry energy in 

one direction from an originating point to a consumption 
or load point. An audio transmission line must provide a 
distinct path for a wave of energy that results in the com- 
plete wave being present at some physically distant point. 
Any panels spaced sufficiently apart will cease to be a 
wave-guide and not contain the wave. The panel spacing 
would in actuality depend on the volume of air involved 
with the wave energy. Within the loudspeaker industry an 
acoustic transmission line will convey acoustic energy 



away from the rear of the driver to the terminus in an at- 
tempt to prevent the back wave energy from reflecting 
back on the driver and not to interfere with the radiated 
output of the driver. The terminus is the terminology used 
to described the wave energy exit and can be at the front, 
rear or bottom of the typically large TL enclosure. Large 
dimensions are required for existing TL designs to have 
any effect on other than midrange frequencies. The goals 
of today's audio industry is for things to work better and 
be smaller unless for commercial applications when better 
can be almost any size. The rather larger dimensions typi- 
cally required don't providing loading of the driver to sub- 
bass frequencies. It is argued in some enthusiasts circles 
that a transmission line for loudspeakers have infinitely 
dissipative loading and not assisting the main driver in 
any way to add or subtract from the output at the di- 
aphragm. The EATL is proving a more effective implemen- 
tation of the transmission line with more achievable and 
definitive goals for a speaker designer for the full range of 
loudspeaker applications. 
[0008] The proposed invention relates to loudspeakers and in 

particular methods of improving the quality of reproduc- 
tion for very low, low, middle and higher frequencies, re- 



ducing the relative enclosure dimensions, reducing the 
costs and dependency on the rooms' acoustics for consis- 
tent results. The improvements reflect on a manner of en- 
closing the driver that frees it from dependence on its' 
general ambient acoustic environment and allows small 
drivers of essentially the same diameter to function as full 
range units or subwoofer units that operate with full 
range units primarily to extend the response into the low- 
est registers of the frequency spectrum. Although this ap- 
plications' focus is on smaller speaker units this technique 
applies to large-scale bass, full range or sub-bass sound 
reproduction applications to enhance the larger drivers 
performance as well. Focus on operation in the sub-bass 
range generally involves using a port or horn to reduce 
the motion of the diaphragm near the maximum low fre- 
quency output range. Larger drivers will produce more low 
bass with less diaphragm motion but will be less favorable 
for direct radiating full range operation because of limited 
high frequency capabilities. Low frequencies can be di- 
rectly radiated or radiated through a port or horn coupling 
for larger drivers. The EAL maintains a constant enclosure 
pressure over the full frequency range and any volume 
displacement that can't occupy the line results in greater 



displacement of the drivers' diaphragm. This results when 
long wavelength signals stimulate the EATL creating ben- 
eficial standing waves to load the driver diaphragm. All 
wavelengths exist at some finite length within the line as 
partial or complete as dictated by the variable dynamic air 
density. Any pressure stimuli will cause a dynamic molec- 
ular disturbance within the EATL that creates desirable 
standing waves that displace the diaphragm with greater 
ease and accuracy than the signal alone. This enhanced 
physical displacement is both created by and is the result 
of the drivers' stimulation by the electrical source plus the 
dynamic standing wave pattern established within the 
EATL This predictable internal loading pattern takes 
precedent over all other external driver diaphragm stimuli 
providing critical damping, optimal loading and resistance 
to room reflections. 
[0009] []Furthermore this technology allows a small single driver 
type and dimension to be optimized for full range and 
sub-bass operation using small drivers normally efficient 
only in the higher frequency ranges. The enclosures de- 
veloped using the pending application determine the 

acoustic impedance favored by the identical drivers. 
Brief Description of Drawings 



[0010] FIG. 1 A and FIG. IB is a side and front cross section view 
of a preferred embodiment of the Indirect Direct Coupled 
(IDC), Embedded Acoustic Transmission Line (EATL) in ac- 
cordance with this invention. 

[001 1] FIG. 2 is a cross section view of an enclosure of equal ex- 
terior dimensions and material as the enclosure of FIG. 1 
without the EATL features included. 

[0012] FIG. 3 is a cross section view of the IDCEATL side view of- 
FIG. 1 in accordance with this invention with sides indi- 
cated to show an extended portion. 

[0013] FIG. 4Aand FIG. 4B is a cross section front and side view of 
the IDC EATL of FIG. 3in accordance with this invention 
with a reflex port added to the enclosure. 

[0014] FIG. 5 is a cross section view of a preferred embodiment 
of the Direct Coupled (DC) EATL in accordance with this 
invention. 

[0015] FIG. 6 is a cross section view of a preferred embodiment 
of theDC EATL physically combined with a standard non- 
damped bass reflex enclosure. 

[0016] FIG. 7 is a simple drawing highlighting features necessary 
to illustrate the use of the EATL technology with planar 
speakers. 

[0017] FIG. 8A is a simple drawing highlighting features neces- 



sary to illustrate a multi-way frequency divided IDC EATL 
system. 

[0018] FIG. 8B is a simple drawing highlighting the features nec- 
essary to illustrate a cluster of DREor IRE EATL enclosures 
to increase SPL in a single range. 

[0019] FIG. 9is a simpledrawing highlighting features necessary 
to illustrate the use of the EATL technology with horn 
coupling devices. 

[0020] FIG. 10 is a simple illustration of side cross-sectional view 
of a preferred embodiment of the speaker system of FIG. 
1 wherein the port has been replaced with a passive radi- 
ator mounted on the baffle board with the driver. This 
drawing shows the references to those parts pertinent to 
this mode of operation. 

[0021] FIG. 11 is a simple illustration of a band-pass mode of 

operation of the system of FIG 1 showing an acoustic low 
pass filter coupled to the front of the driver using a port 
to radiate the sound. References are made to portions 
material to this mode of operation. 

[0022] FIG. 12A, FIG. 12B, FIG. 12C, FIG. 12D are graphical repre- 
sentations of performance claimed in the specification and 
are indicated by reference designations matching in the 
text. 



[0023] FIG. 13A, FIG. 13B, FIG. 13C, FIG. 13D are graphical repre- 
sentations of performance claimed in the specification and 
are indicated by reference designations matching in the 
text. 

[0024] FIG. 14A, FIG. 14B, FIG. 14C, FIG. 14D,FIG. 14E are graphi- 
cal representations of performance claimed in the specifi- 
cation and are indicated by reference designations match- 
ing in the text. 
Detailed Description 

[0025] Throughout this document there will be references to par- 
ticular items, figures, names, phrases and notable words. 
The items will appear written once with a bold Capital in- 
troductory letter and then abbreviated in the bold letters 
representing the name in text following. . The capitalized 
bold first letter ('s) and abbreviation may appear subse- 
quently to refresh the memory. Some important state- 
ments may be underscored for recognition purposes. Cer- 
tain terms that may also have an importance in this docu- 
ment but are not pertaining directly to a feature of the 
document and will not be highlighted or underscored in 
this mode. FIG. 1 represents a preferred embodiment of 
the subject invention. FIG.1A and FIG. IB represent a 
complete Direct Radiator Enclosure (DRE)29D speaker as- 



sembly constructed according to this invention. Bernoulli 
'stheorem for the flow of liquid plainly states that a pres- 
sure differential must exist for a fluid to flow from a con- 
tainer through a discharge opening into a pressure region 
the same as that of the container. This simply means that 
if a sound (a fluid) of high quality is to be produced by a 
loudspeaker that a pressure differential must exists be- 
tween its' diaphragm and the atmospheric pressure and it 
must be consistent for all frequencies and acoustic condi- 
tions. All drivers of concern with this invention are bi- 
directional meaning that they radiate sound from both 
sides of the diaphragm. One side of the Driver Di- 
aphragm(DD)3 must be dynamically isolated from the At- 
mospheric Pressure at all frequencies within its range 
without concern for reflections from within or external. 
Dynamic isolation refers to isolation from atmospheric 
pressure when in motion not static isolation. 
[0026] FIG.l A illustrates a side cross sectional view of the 

DRE29enclosure with the Indirect coupled (IDC) Embedded 
Acoustic Transmission Line (EATL 5) structured to receive 
air pressure through its' throat/mouth6 behind the driver 
41 mounted on baffleboard7but buffered by the air cham- 
ber 10 ofFIG. 1A. The EATL 5 unlike conventional trans- 



mission lines has its throat and mouth at the same point 
through superposition. IDC means that the wave that en- 
ters the EATL5 does so through an air chamber 10 of 
some relative volume so its' influence on the DD 3 will be 
indirect yet influential. The EATL5 is constructed of the 
wave-guide 20 of the outer cabinet 1 and the wave-guide 
2 1 of the Inner enclosure 2 separated by spacers9. The 
EATL5 can be extended by using the side cabinet walls 
wave-guide 21 that are inherent in construction of the in- 
ner box in conjunction with extensions of wave-guide20. 
These extensions of the EATL5 are 20A and 21A and will 
allow the EATL5 to operate to a lower frequency than the 
20and21 alone but are generally relative to driver 41 size. 
The EATL5is sealed by the termination member 13 that 
contains the wave at one end of the EATL5 reverses it and 
creates Dynamic Standing Waves (DSW) at the throat/ 
mouth6 located in the center (from each corner) as seen in 
FIG. IB. The term throat/mouth defining 6 results from the 
reflected wave having its point of exit at the same point as 
the waves point of entry. The fact that the in/out waves 
can be superimposed on each other accounts for this 
unique pressure feedback principle. The air volume within 
the EATL5 is always small relative to the operating volume 



of chamber 10 of FIG. 1 orl9 of FIG. 6 and is not to be 
confused with any type of closed band-pass box closed. 
The overall dimensions may be further reduced using 
miniature construction techniques to enhance the output 
of smaller drivers in small spaces as well as OEM tweeter 
construction where the rear wave will be collected and re- 
turned as beneficial standing waves. The spacing dimen- 
sions can be reduced or increased as needed and the 
EATL5 may be repeatedly folded to increase its' length as 
needed if 20A and 21A are not adequate in length. 
[0027] The EATL5 is lined with an Alternate Density Transmission 
Medium (ADTM4), which in the preferred embodiment is 
open cell urethane foam that under normal air density and 
higher frequencies is inert, randomly accepting new air 
particles, yet at lower frequencies when pressurized al- 
lows additional air molecules to expand to within its' cell 
structure in search of volume but instead are lost in heat 
dissipation. This is a lossy process hence the DSW and 
damping of the Driver Resonance Peak (DRP) as shown in 
FIG lOAvs.FIG. 10B whereas FIG. 10A is the curve of the 
preferred embodiment. Damping is a term referring to 
ability of a vibrating body to cease motion immediately 
when stimulus is removed. 



[0028] a relatively high frequency wave entering the throat/ 

mouth 6 of the EATL5 has only to be within inches of the 
driver diaphragm 3 to reach its wavelength in normal air 
density. The standard enclosure inFIG 2 example here is 
only a few inches deep meaning that any wave below 
10kHz would experience enclosure reflections almost im- 
mediately. FIG. 2 represents an enclosure of air volume 11 
with identical dimensions as that of FIG.l but without 2 
and 4 of that structure. The waves traveling the stream 
lines 15 will enter the mouth 6 of the EATL5 and travel 
through the EATL5 barely interacting with the surface cells 
of the ADTM4 expanding almost immediately until it 
reaches the termination point 13, which then reflects the 
wave back toward the driver diaphragm 3. The throat/ 
mouth 6 at the entrance of the EATL5 will experience 
nodes and anti-nodes (DSWj, which overlap and influence 
the pressure in chamber 10 behind the driver 41 and are 
considered a positivepressure relative to the atmosphere. 
As the frequencies go lower from that first influenced, the 
EATL5 will maintain a constant positive pressure on the 
driver diaphragm 3 due to the DSW condition of the air 
space 8 and the DSW condition caused by depth migration 
indicated by streamlines 14. As varying wavelengths/inten- 



sities occupy deeper depths of the ADTM4 cell structure 
they create individual DSW and therefore dynamically en- 
hance motion of the driver diaphragm 3. The individual 
DSW produced will integrate their pressures and produce 
a composite DSW in the presence of multiple frequencies 
simultaneously (superposition). Wave-guides 20, 21 must 
remain within a close spacing so as to contain the wave 
energy while directing it to the termination member 13. 
[In the preferred example here20, 20A, 21, 21A are at 
12mm and 9mm spacing respectively and will vary some- 
what depending on driver diameter and purpose for sys- 
tem.] The driver41 will see these DSW influence its acous- 
tic impedance because the pressure-differential with that 
of the atmosphereis maintained with frequency. The DSW 
are the result of changing frequencies, driver compliance 
and resistance by the ADTM4 material to the sound en- 
ergy entering its' cells. The resulting interaction of the 
three variables maintains the chamber 10 pressure con- 
stant as the frequency changes while the drivers velocity 
remains linear. Internal pressure at chamber 10 would be 
a composite DSW resulting from the voice coil 28 signal 
input and the initial motion of the DD 3, the static pres- 
sure of 10 and the positive pressure created in the EATL5. 



This resultant composite pressure is constant and is rela- 
tive to intensity and wavelength in the EATL5 and deter- 
mines DD 3 motions. 
[0029] The length of the EATL5 is directly associated with its' low 
frequency limit of influence as is clearly indicated by the 
curves ofFIG. 12B and 13A. In FIG. 12B the impedance plot 
of the speaker system of FIG. 1 is indicated. There are two 
peaks associated with this impedance plot; the large one 
A is the DRP that occurs at 150Hz and the other peakB 
that occurs at 500Hz represents the EATL 5 1/4 wave 
impedance peak of FIG. 1. FIG. 13A represents the fre- 
quency response if the enclosure of FIG.l is lengthened by 
2cm to become the enclosure FIG. 3. The 2cm increase in 
enclosure depth 26FIG. 3 can be interpreted in FIG. 13A 
by the new EATL 5 peak E at 400Hz to cause a 100Hz shift 
downward in 1/4 wave frequency at the EATL5 throat/ 
mouth for processing into DSW. The main driver reso- 
nance frequency of FIG. 3 does not change appreciably 
when chamber lOis increased as seen in 40FIG. 13A. It 
can also be seen in the frequency response plot Q of FIG. 
14E of FIG. 3 to show the lifting of output to begin at 
400Hz instead of the 500Hz of the shallow enclosure of- 
FIG. 1. A large peak C can be seen in FIG. 12D (which is 



the standard closed type enclosure FIG. 2 with the same 
driver) but without a properly damped (controlled) 
impedance peak A or an EATL 5 peak Bas FIG. 1 orFIG. 3. 
The change in volume 10 did little to affect the drivers' 
resonance frequency A of the driver41, which indicates 
the effectiveness of the EATL5 in delaying the wave in 
such a short distance. The damping of the DD 3 improves 
acoustic impedance for bass frequencies lessening cut-off 
slope for deeper bass extension and better overall tran- 
sient performance. The 500HzEATL5 peak B of FIG. 12B 
represents the lowest frequency that will be lifted by the 
EATL5 of FIG.l to correct the sagging output (FIG.12A vs. 
12C) of the DD3 that normally occurs above the driver 
resonance frequency A and the point in which the EATL5 
will begin to dampen oscillatory conditions near, at and 
below the drivers' resonance frequency A FIG. 12B. 
[0030] The impedance curve FIG. 12D of FIG. 2 shows the same 
location for the drivers' resonance frequency C as that of- 
FIG. 12BofFIG 1 and FIG 13AofFIG 3. The curve in FIG.12D, 
clearly shows this peak C occurring at 150Hz and if fol- 
lowed closely above this point shows no EATL5peak B as 
in FIG. 12B, FIG. 13AandFIG. 13B. If the curveU of FIG. 12A 
of FIG. 1 is observed it will show an increase in output be- 



ginning at 500Hz or the same point as the EATL5 peak B 
of FIG. 12B. All frequencies above this peak will show an 
increase in output developing a gain to increase and 
maintain a flat response. The gain in efficiency averages 
6db for this particular example when averaging several 
points from 500Hz and above. The only way for this to 
occur is for a constant pressure from within the enclosure 
to maintain the proper DD3 velocity as frequency changes. 
This process does not change the specifics of a driver 41 
sound signature only the effects mass and random inter- 
nal standing waves have on its' operation. The frequency 
peak UU, @500HzFIG. 12AofFIG. ldoes not exist in the 
graph FIG.12C of FIG. 2nor does the increase at 10kHz. At 
point TT@500Hz FIG. 12C there is a dip and only a small 
insignificant peak then falling response. 
[0031] a vibrating body will experience its' greatest motion at 

resonance with less movement above and below that fre- 
quency for the same stimuli. The output (motion) falls 
much faster below resonance because of compliance while 
above it falls at a slower rate due to mass. The loss of 
output above resonance is directly related to mass (as it is 
affects the acceleration of the DD 3 as needed at higher 
frequencies) while the DSW in the EATL5 are directly re- 



lated to frequency and increase pressure to counter the 
loss and maintain pressure constant (DD 3 in motion). The 
DSW generated internally at the mouth of the EATL5 pro- 
vides positive pressure in real time buffered through vol- 
ume of chamber 10 as each frequency may require in a 
composite wave maintaining maximum signal transfer rel- 
ative to atmospheric pressure. The random standing 
waves existing in the enclosure of FIG. 2disturb the dis- 
persion pattern by producing random pressures on vari- 
ous parts of the DD3togenerate noisy sound. 
[Loudspeaker driver engineers in determining parameters 
for their products cannot predict the effects of field us- 
age. Specifications developed to predict the vibration 
characteristics and dispersion of any given driver diameter 
are not useful if the enclosures SW are allowed to affect 
the DD 3 radiation pattern. This is one of the main rea- 
sons that engineers seek various types of suspension 27 
and DD 3 materials as a solution to resist DD 3 breakup 
caused by these unknown sources. These breakup pat- 
terns are caused by random standing waves, which are 
dynamic and linked to the enclosure 1, amplifying source 
and signal. Random standing waves must be transformed 
into beneficial ones not resisted as in existing enclosure 



design if a neutral expression of a driver is to be ob- 
served. The elimination of random internal standing waves 
and the production of useful coherent ones allow the 
driver 41 to operate as specifications describe for the ma- 
terials, diameter and construction. ] A further result of 
this acoustically derived internal positive pressure is to 
further reduce diaphragm breakup as the pressure is ap- 
plied to the entire surface to reduce the effects of solid 
transfer breakup modes. These are breakup modes that 
are generated when the voice coil 28 is stimulated. Initial 
stimulation at 28 results in DD3 motions, flexing of all 
materials and a physical transfer of acoustical-mechanical 
energy towards the edges of the DD 3 as waves. At the 
outer edges of the DD 3 exist some type of flexible mate- 
rial 27 that surrounds and anchors the diaphragm to allow 
general motion of the entire moving assembly when the 
voice coil 28stimulates it. It is desired to have the energy 
that travels these paths dissipate in the diaphragm mate- 
rial and as kinetic energy into the surround material 27 
and that does occur in most cases. The diaphragm and 
surround material 27 do not absorb all frequencies and 
some are reflected back toward the center or point of ori- 
gin. In doing so waves, coherent and non-coherent, phys- 



ically collide in the DD 3 material causing regions of posi- 
tive and negative standing waves to exist on the DD3 sur- 
face that alter the dispersion pattern. These types of pat- 
terns can be observed and countered during engineering 
design phases and perhaps will result in a better driver41. 
The EATL5 will minimize audibility of these types of 
breakup modes but not eliminate them. 
[0032] The Drawing of FIG. 4 represents the enclosure of FIG. 1 
or FIG. 3 with the inclusion of a port 17 to enhance bass 
frequencies. The addition of a port 17 does not affect the 
DSW at the throat/mouth 6 and the maintenance of accel- 
eration of higher frequencies by the EATL5whose primary 
purpose in this embodiment is to counter the mass that 
results in signal loss above the resonance frequency of the 
driver41. The EATL5 provides critical damping for the DD3 
to improve stability at lower frequencies as indicated in 
FIG.12B of FIG 1 and FIG.12D of FIG. 2. These impedance 
plots indicate that the resonance frequency remains near 
the same for both enclosures however the peak A of FIG. 
12B indicates proper damping of the DD3 [as a controlled 
peak ratio is achieved for a smooth extended bass re- 
sponse and character] whereas the impedance plot of FIG. 
12D indicates that the driver41 has a high sharp reso- 



nance peak C [to indicate a sharp loose resonate sound]. 
This highly damped condition is maintained in FIG. 13B of 
FIG. 4 with a portl7 included to extend the response of 
bass. The impedance plot FIG.13B has three distinguished 
peaks with the port peak F and saddle G(box resonance 
frequency) before the driver resonance peakHindicating 
reflex operation is occurring with a well-damped driver41 
that is simultaneously having its' upper frequencies lifted 
beginning at 400Hz. When compared with the driver in 
FIG. 2 with the impedance curve FIG. 12D the driver41 of 
FIG. 4has three peaksFIG 13B indicating an increase in 
output both above and below the driver resonance peak 
Hdue to controlled resonance In observing the frequency 
location of the peak I caused by the EATL5 positive pres- 
sures it can clearly be seen that the ported enclosure of 
FIG. 4 is the 9mm enclosure discussed earlier with a 
400Hz peak position on the graph. This peak H and EATL5 
peak I of impedance curve FIG. 12 at 400Hz remained in 
the same position indicating a well loaded speaker system 
that has enhanced (properly damped and extended) lower 
frequencies and (properly accelerated) upper frequencies. 
Shown in FIG. 10 is a simple illustration using a suitable 
passive radiator 30 substituted for the port to work in 



conjunction with the driver41 to extended the bass to 
lower frequencies. The use of a passive radiator 30would 
maintain the sealed condition of the acoustic system how- 
ever all configurations would not benefit from this type of 
resonate system. Passive radiators 30 generally require 
more mounting area and would be suitable for larger sys- 
tems with more available baffle board7 area. The passive 
radiator 30 EATL5 configuration would maintain the same 
general characteristics as the ported system if it is aligned 
properly and have a curve similar to that ofFIG. 13B. An- 
other alignment for the DRE29I is that of coupling the 
front of the driver41 to an acoustic low pass filter as in- 
FIG. 11. A port 17 or passive radiator30 is capable of act- 
ing as an acoustic low pass filter in conjunction with air 
mass 31. Here the EATL5 provides for constant pressure 
loading, damping and enhanced upper bass output and 
control while the port 17 establishes box loading with air 
volume 31 reducing DD 3 excursion allowing for a sealed 
air chamberlO and better damping. The design will have 
three impedance peaks as that of the other ported EATL 5 
designs one ahead and behind the DRF. Again as in the 
earlier example a passive radiator 30 can exist to resonate 
the new air mass 3 1 existing in front of the driver41 when 



mounted in at least one wall of the additional enclosure 
32. The IDC EATL5 acts as an ideal impedance matching 
device for virtually any conventional type of driver and 
loading method. It creates two ranges of increased pres- 
sure to benefit the frequencies above and below a drivers' 
resonance. Frequencies above resonance can be directly 
radiated as for the full range or the DD3 can be loaded 
into an acoustic low pass filter to focus on a range of bass 
frequencies. 

[0033] Any driver will have an optimum frequency range of oper- 
ation that it is most suited to reproduce. It would be very 
difficult if not impossible to obtain perfect operation for 
one driver41 over the range of 20Hz to 20,000Hz espe- 
cially at higher power levels. Individual EATL5 optimized 
enclosures DRE 29 can focus their advantages on narrow 
sound ranges to assist the driver in its optimal range. 

[0034] This may be for the purpose of dividing the sound ranges 
to use optimal drivers for each rangeFIC. 10A29H, 29M, 
29L, 29VL using individually optimized EATL5 enclosures 
or it may be for the purpose of increasing the sound level 
in a single range FIG 10 B29A, 29B, 29C, 29D using multi- 
ple EATL5 enclosures operating in the same frequency 
range or for both applications simultaneously. These 



types of operation are enhanced because of the positive 
pressure behind each driver and the resistance therefore 
from interfering with each other" diaphragm. Conven- 
tional close spacing of drivers' results in many unpre- 
dictable effects because the random nature of the individ- 
ual internal standing waves further alters the dispersion 
pattern. The Coherent output of EATL 5 enclosures will 
combine in multi-way speakers to make the crossover 
from one driver to another smoother and more lobe free. 
The coherent output from grouped reinforcement drivers 
whether cluster or line will perform according to their in- 
tended theory. A special housingl6 can be used to adjust 
the DRE 29 units properly for the application. 
[0035] The EATL5 can also be used in conjunction with exotic 
acoustic transducers (driver41) such as with electrostatic 
and dynamic planar type diaphragms. Typically the flat 
panel loudspeakers radiate bi-directionally because of the 
negative effect an enclosure or close wall placement has 
to one side of the sensitive diaphragm. The random re- 
flected standing waves are of even greater harm because 
of the large diaphragm surface area required to generate 
meaningful sound levels with these types. FIG. 7 is a sim- 
ple illustration indicating the important reference parts for 



EATL5 use with these flat panel type loudspeakers. The 
EATL5 would consist of the same basic parts as illustrated 
as the dynamic driver41 version only larger panels would 
be involved and adjustments of certain other parameters 
involved with EATL5construction. Certain types of exotic 
drivers qualify and can only benefit from IDCof the 
EATL5and this is the case for the planar speaker DD3. Il- 
lustrated in FIG. 9 is the use of a horn apparatus to IDC 
the EATL5 for further transmission benefit. Horns are 
generally used to increase the level, distance and some 
times coverage in a specific area while shadowing others. 
The close coupling of the horn extension to the unaided 
DD 3 of the horn produces intense reflections back into 
the DD 3. Typically a horn coupled d rive r41 suffers chroni- 
cally frombreakup because these reflected features are 
acoustically amplified so the DD 3 suffers from competing 
horn bell type reflections at its' surface. A phase plug 25 
may be necessary to maximize pressure transfer depend- 
ing on the diaphragm type. The driver41 operating with 
the positive pressure of the EATL5 assisted environment 
will not be as affected by these reflections producing a 
much clearer output from a well designed horn coupling. 
[0036] DIRECT COUPLED LOW FREQUENCY ONLY APPLICATIONS- 



Conventional loudspeakers need large diaphragm areas 
and/or high mass to produce low frequencies while at- 
taining high efficiency in the process. The current pro- 
cesses for bass reproduction are inherently efficient be- 
cause they operate the driver at and near its' resonant fre- 
quency but this is also the Achilles' heel for sound quality. 
Resonance is the number one enemy of a finished sound 
system although the parameter is involved with the exe- 
cution of any speaker system. The DC EATL 5 mode of op- 
eration will allow a very small driver to produce low bass 
frequencies at low to moderate efficiencies. When a 3" 
driver is made capable of producing very low frequencies 
at a useful level then efficiency isn't a proper term to 
characterize its' performance. 
[0037] FIG. 5 represents the application of the EATL5 in conjunc- 
tion with a dynamic driver41 for the purpose of generat- 
ing very low frequencies only and is called the Direct Cou- 
pled DC EATL 5. The EATL construction is very similar to 
the IDC with the exception of a larger throat/mouth open- 
ing 6 equal to the driver diameter and compression plug 
12 located immediately in front of the driver 41. The EATL 
5 is Directly Coupled (DC) to the driver41 with minimum 
area air volume in chamber 10 between the driver and the 



throat/mouth 6 of the EATL 5. The driver is mounted with 
front facing the EATL5 mouth 6 so as to create a high 
compression chamber 10 for driver loading. In this mode 
the driver 41 is compression loaded so a compression 
plug 12 is used to help direct wave motion into the EATL 5 
and to minimize air turbulence at the throat/mouth 6 of 
the EATL5 and to establish the correct throat/mouth 6 
area for the EATL5. DC coupling places the driver41 com- 
pletely under the influence of the EATL5 and it will follow 
the frequency pattern it establishes. The ADTM 
4establishes delay of the waves through depth migration 
thus allowing a wide DSWbandwidth. The higher low fre- 
quencies above driver41 resonance are not effected as 
readily by the cellular structure and will sustain constant 
pressure in the EATL 5 before depth migration. This can 
be seen in FIG. 13 C and 14D. The frequency response 
curve FIG. 13C represents the driver41 output of a DC 
driver and EATL5only and it can be seen that the fre- 
quency response shows a 12db/oct falling output from 
the driver 41 resonance frequency and frequency irregu- 
larities above driver resonance. This represents a constant 
high positive pressure on the DD 3 relative to frequency 
and a dynamic pressure much greater than atmospheric 



pressure for all frequencies in the systems bandwidth. 
When measured at 100Hz this signal at the DD3is 40db 
greater than that at the mouth of the portl7when it is 
added. This output curve represents the actual output that 
the driver 41 will deliver with the positive pressure applied 
to the DD 3 from the EATL 5. In free air a similar pattern 
would be generated except the 12db/oct slope would be- 
gin at the drivers' free air resonance frequency. Under 
these conditions the frequency would shift if the acoustic 
impedance of the driver is altered. Curve S is a reference 
high-pressure curve with a predictable 12db/oct rate of 
fall and is easy to shape with an acoustic low pass filter. 
This curve also reflects a predictable falling diaphragm 
excursion relative to lower frequencies. A reflex enclosure 
would further reduce DD 3 motion in the power bass fre- 
quency range (30Hz-60Hz) and not have a subsonic dis- 
tortion problem after the EATL5 peak. An acoustic low 
pass filter 18 connected to the driver41/EATL5 in FIG. 5 
would favor the lowest frequencies even though these fre- 
quencies are falling in curve S FIG. 13C. The 12db/oct 
falling output of FIG. 13C are transformed into the curve R 
of FIG. 13D forFIG. 6 which shows 6db/oct rising output 
from 70Hz. The curve in FIG. 13C is generated with the 



driver41 in high-pressure environment that will resonate 
the box with little effect on the constant pressure loading 
of the driver . The positive pressure allows the output 
from the rear of the driver to resonate a reflex enclosure 
with acoustic volumel9 at frequencies within the 12db/oct 
slope. The efficiency in the range of the transformation is 
moderate relative to the driver mid-band efficiency yet it 
allows a small low mass driver to use its' fast responding 
diaphragm to produce usable bass at frequencies deter- 
mined by the EATL5. Almost any similar diameter driver41 
used if its compliance is not to stiff will generate the 
curves of FIG. 13 C andFIG. 13D. The 1/4 wave positive 
pressure is a real-time mass component acoustically ap- 
plied to the DD 3 to produce the enhanced low pass per- 
formance from the driver41as indicated in FIG. 13D for 
FIG. 6. The drivers' 41 mass and other parameters will af- 
fect distortion, efficiency and to some degree extreme 
frequency cut-off so optimum performance from a certain 
EATL/Reflex enclosure can be had through driver 41 
choice. The efficiency of this type of bass system is still 
related to actual DD 3 area and it increases with a larger 
driver41 as would be normal since more air molecules 
would be moved. Typically the low frequency output of 



large drivers41 increase relative to mid-band output be- 
cause of diaphragm area as mass deters output at higher 
frequencies. The DCEATL 5 low frequency system devel- 
ops output from diaphragm area not geometry. The lis- 
tening room, typically being an acoustic space with di- 
mensional gain, also favors lower frequencies if they are 
present. The curve of FIG. 14C represents distant micro- 
phone placement when measuring the sub-bass system of 
FIG. 6. The room acts similar to the reflex enclosure in 
lifting the output at the lower bass frequencies as is seen 
in curve O by the big increase in gain in the 15Hz octave 
in FIG. 14Crelative to adjacent frequencies. FIG. 14A indi- 
cates the impedance of FIG. 5 and FIG. 6. The curves are 
overlaid to show how little the reflex box alters the reso- 
nant frequency and Q of the driver when it is connected. 
This indicates that the positive pressure within the EATL 5 
dominates the drivers' impedance with little effect on the 
driver41/EATL 5 operating parameters from the addition 
of the acoustic low pass filter. In FIG. 14A the large peak K 
represents the impedance of the driver inFIG. 5. The small 
peak J trailing the driver peak L in FIG. 14A would be con- 
sidered the ports peak with a conventional reflex enclo- 
sure and the output would fall off rapidly as the frequency 



approaches this peak. This peak represents the same 
EATL 5 peak that was observed in the impedance peak of- 
FIG. 12B, FIG. 13A, FIG.13B except that it has been pushed 
below the driver resonance due to the close coupling of 
the EATL5. It has been shown that increasing the length of 
the EATL5 will lower the EATL5 peak, as close coupling 
will also cause. Depth migration is greater under high 
pressure causing the 1/4 wave signal to appear at the 
driver diaphragm below box tuning. It is also observed as 
shown in FIG. 13Dthat the output will fall after the main 
EATL 5 peak but the close coupling will load the driver to 
the EATL5 cut-off frequency of near 15Hz. If it is observed 
carefully the output curveR of FIG. 13D of the sub-bass 
enclosure FIG. 6has its' highest output at the EATL 5 peak 
of 35Hz which is an extraordinary feature. The reason for 
this can be seen if the curves ofFIG. 14D are observed. 
FIG. 14D represents the phase curves of the subwoofer in 
FIG. 6. The curves are overlaid to show their relationships. 
CurveM represents the microphone placement very close 
to the driver diaphragm at its' surface boundary area 24 
where it will show the curve of the EATL5. Curve N is indi- 
cating the output at the port 17 of the same sub-bass 
speaker of FIG. 6 and it can clearly be seen a large shift in 



phase beginning at 55Hzwhich is near the box tuning fre- 
quency. The outputs of the DD 3 and the port 17 are re- 
markably similar until the phase begins to shift at the box 
frequency Gof FIG. 14A producing the initial rise in output 
as seen in curve RFIG. 13Dat G. The phase curveM FIG. 
14D of the driver indicates a reverse change beginning at 
near the same point 55Hz with a small depression indi- 
cated throughout the remainder of the phase curve at the 
driver. This depression represents the high pressure being 
applied to the diaphragm to produce the phase change at 
the port and the corresponding increase in output. This 
pressure is applied at the time when the DD3 is under box 
loading for maximum effectiveness. The pressure on the 
diaphragm remains constant as viewed by the flat phase 
curve to 55Hz and doesn't change even when the EATL 
5peak further loads the diaphragm to cause the increased 
output. The result of the EATL5 feedback and the box 
loading establishes an effective acoustic low pass system 
that will allow any practical driver diameter to produce 
very low frequencies at efficiencies relative to the driver 
diameter even if the resonance frequency is much higher. 
[0038] Horn loading of the driver for low frequency reproduction 
while in the DC compression mode of operation can be 



effective if physical space isn't a real consideration. The 
well-loaded driver 41 is a good candidate for horn cou- 
pling to the ambient but large surface expansion areas are 
required to support launching of the long waves. In some 
cases embedded applications in buildings or large struc- 
tures will allow portions of the structure to act as horn 
wave-guides. In some cases folding of the required wave- 
guides will allow implementation of a low frequency horn 
even an enclosure version. 

[0039] of course as with the EATL5DRE29D enclosures multiple 
units of the IRE29I may be configured to increase the out- 
put as a combined coherent source as in FIG. 8A the 
sound will more approach the theoretical 6db per dou- 
bling of units. This and the excellent immunity to the 
rooms' reflections will maintain the integrity of the source. 
The IRE 29lmay also be combined as in FIG. 8B to have the 
EATL 5 peak to occur in different ranges to maximize the 
output in each range. This will allow for maximum low 
frequency output over a wider range. 

[0040] An preferred example of an extreme application of the 

IDC and DC systems used concurrently for a single sound 
system is illustrated by the graph of FIG.14B. The curve in 
FIG. 14B represents coverage of the audio range from be- 



low 35Hz to 20kHz using 3 identical 3-inch diameter 
drivers operating in almost identically sized miniature (<. 
06cu. ft.) DRE and IRE enclosures as depicted in FIG. land 
FIG 6. They are the left speaker FIG. 1, the right speaker 
FIG. 1 and the subwoofer FIG 6 that reproduces the lower 
bass from both channels. The 3-inch driver 41 as in FIG. 1 
is the only candidate for a system of this type because it 
retains the dispersion properties required of a tweeter or 
high frequency driver but has enough diaphragm area 
making it capable of having its' impedance matched by 
both the DC or IDC coupled EATL5 to cover the entire fre- 
quency range. The free-air resonance of the driver is 
100Hz normally much to high for subwoofer operation yet 
the DC EATL/Reflexenclosure 29D covers the range from 
below 35Hz to 125Hz where it mates with an IDCEATLen- 
closure 291, which covers the range from 125Hz to 20kHz. 
The DC EATL/Reflexlow frequency system has its' upper 
frequency range adjusted electronically and is powered by 
a separate amplifier so that it can be set to properly blend 
with the IDC EATLenclosure 291 in any field environment. 
This system achieves near perfect vertical and horizontal 
off-axis response and requires no additional parts within 
the enclosures. The system output illustrated in FIG. 14B 



is capable of achieving in excess of 90db output at the 
listening position in an average size room for the indi- 
cated frequency range. This system including 2 speakers, 
subwoofer, amplifier, tripod stands and all connecting ac- 
cessories fits neatly in a standard executive sized brief- 
case and exists today. 
[0041] Most of this document has been involving the validation of 
the effectiveness of a very simple process. Only a few 
drawings are needed to express this basic technology that 
improves the quality of sound so effectively. There will be 
many ways to use the general principles of this technology 
because of the generic nature of the improvements in- 
volved. For example one may develop a new product with 
a different shape or discover new ways to couple the 
EATL5 to the atmospheric pressure including in some 
ways the basic principles of the EATL 5. Any use of the 
principles discussed within this document is an infringe- 
ment even if these changes or modifications are not ex- 
pressed explicitly here. Once a person skilled in the art 
realizes the immediacy of the problem sees the drawings 
and experiences the sonic differences it will be very easy 
to duplicate and enhance the process without under- 
standing the theory to a great degree. Any devices deriv- 



ing their basic purpose for the same reasons that the 
EATL 5 derives its' purpose are in violation of this technol- 
ogy if the same basic elements coupling the driver41 for 
the same purpose are physically connected to the enclo- 
sure in the same manner. This means that relocating cer- 
tain features to various locations will not allow a violation 
to be overcome as all research on the depth of features 
and implementation has not been investigated and will be 
a continuing effort of the inventor. 



